ABSTRACT The known distribution of the bark beetle Dendroctonus vitei Wood has been basically restricted to species-type location in Patzun, Guatemala, and in San Cristobal de las Casas, Chiapas, Mexico. There are also reports of the species in Veracruz, Oaxaca, and Nuevo Leon, Mexico. This bark beetle cannot be conÞdently distinguished from its sibling species Dendroctonus frontalis Zimmermann, Dendroctonus mexicanus Hopkins, and Dendroctonus sp. nov. by morphological characteristics (e.g., color and pronotum width). It has been proposal that the seminal rod is a useful characteristic to distinguish these species; however, its robustness has not been assessed quantitatively. The goal of the present work was to analyze the seminal rod from 601 specimens of the D. frontalis complex, collected in 89 locations from Mexico and Guatemala, using geometric morphometrics to clarify and update the distribution of D. vitei. Our results conÞrmed the presence of this species not only in the previously recognized locations (Patzun, Guatemala; San Cristobal de las Casas, Chiapas; Perote Veracruz, and Chipinque, Nuevo Leon) but also in seven new ones. The analyzed specimens of D. vitei and other D. frontalis complex species showed a strong differentiation in seminal rod shape among them. The accumulated information indicates that D. vitei is distributed across the entire Sierra Madre Oriental, the east Trans-Mexican volcanic belt, the Sierra Madre de Chiapas, and the Cordillera Central of Guatemala.
Dendroctonus vitei Wood is a bark beetle belonging to the Dendroctonus frontalis species complex (Curculionidae: Scolytinae) (Lanier et al. 1988) , which also includes Dendroctonus adjunctus Blandford, Dendroctonus approximatus Dietz, Dendroctonus brevicomis LeConte, Dendroctonus frontalis Zimmermann, Dendroctonus mexicanus Hopkins, D. vitei, and Dendroctonus sp. nov. (Lanier et al. 1988 , Sullivan et al. 2012 , Armendáriz-Toledano et al. 2014 ). This complex (sensu lato) is composed largely of aggressive species capable of killing healthy Pinus, with the exception of D. approximatus and probably Dendroctonus sp. nov. and D. vitei. These species are among the most destructive insect pests of pine forests in North and Central America (Wood 1982) .
As a result of the taxonomic reevaluation of D. frontalis in Central America, Wood (1974) described D. vitei based on external morphological features (e.g., body size, color, sculpture of the male frons, pronotal sculpture and vestiture, and elytral sculpture and vestiture) of 355 specimens from Patzun and Solola, Guatemala. The validity of this species was subsequently supported by studies of crossbreeding, gallery structure, attack behavior, pheromone production and response behavior, and morphological attributes (e.g., body size, color, elevation of pronotal callus, and the seminal rod; Vité et al. 1974 , Renwick et al. 1975 .
In his monumental monograph of the bark beetles of North and Central America, Wood (1982) included a description of D. vitei that was identical to the original 1974 description, with some additional notes on its biology, hosts, and altitudinal range. A few years later, a new D. vitei record was reported from San Cristobal de las Casas, Chiapas (Atkinson and Equihua 1985) . These authors did not include images or further information about their means of identiÞcation; they commented that Dr. Wood corroborated their identiÞcation.
To address the taxonomic uncertainties arising from the considerable external morphological variation within and among the species in the D. frontalis complex, Lanier et al. (1988) performed a comprehensive biosystematics study of this complex based on male genitalia, external morphology (those characteristics used by Wood in his key of 1982), chromosomes, and breeding experiments with these species. However, this work did not provide karyology or crossing data for D. vitei, the identity of this species was established basically by the ratio between the dorsal and ventral process of the seminal rod and body color (black) of specimens from the species-type location, Patzun, Guatemala. In addition, they comment that some specimens identiÞed as D. mexicanus from Nuevo Leon, Veracruz, and Oaxaca, collected together with D. frontalis, were actually D. vitei. Seminal rod images of Nuevo Leon and Guatemala specimens were displayed (Fig. 4 from Lanier et al. 1988) but not images of Oaxaca and Veracruz specimens. Furthermore, in this study, they did not include the record of D. vitei of San Cristobal de las Casas, Chiapas (Atkinson and Equihua 1985) .
The catalog of Scolytidae and Platipodidae by Wood and Bright (1992) listed only Chiapas, Mexico, and Guatemala as the geographic range of D. vitei, and they further indicated that its presence in Nuevo Leon, Mexico, required conÞrmation (Part 2, Vol. A. Page 186). Later published works describing the geographic range of D. vitei considered only the records from Guatemala and Chiapas, Mexico (SalinasMoreno et al. 2004 (SalinasMoreno et al. , 2010 or entirely omitted the species (Cibrián-Tovar et al. 1995) .
Whereas Lanier et al. (1988) stated "D. mexicanus and D. vitei are consistenly identiÞable when the seminal rods are removed from the genital capsule and are presented in the lateral view," the considerable morphological similarity of these species and the intraspeciÞc variation of the D. mexicanus seminal rod make their identiÞcation difÞcult. Recently, the seminal rod shape was extremely useful to demonstrate the existence of two species within D. frontalis (Armendáriz-Toledano et al. 2014) . In this study, it was evident that the rod shape is a reliable characteristic to identify the frontalis complex species because the shape analysis includes the intra-and interspeciÞc variation of this characteristic. Each specimenÕs sex was determined by the presence of frontal tubercles and stridulatory apparatus in males (Lyon 1958, Mendoza-Correa and Zú ñ iga 1991) . Male genitalia were dissected and cleared for 10 min at 10ЊC in 10% KOH. After incubation, they were immersed in 20% acetic acid solution to neutralize the KOH, and subsequently rinsed with 100% ethanol. Male seminal rods were separated from the genital capsule and all parts were mounted on the same slide semipermanently in glycerol for easy manipulation throughout the study.
Species identiÞcation was carried out using external morphological characteristics (Wood 1982 , Lanier et al. 1988 ). However, because external characteristics are highly variable among species, we conÞrmed the identiÞcation of D. frontalis and Dendroctonus sp. using the morphological characteristics described by Armendáriz-Toledano et al. (2014) . In the case of D. mexicanus and D. vitei, we used the body color, pronotum width, and the ratio between the dorsal and ventral processes of the seminal rod with respect to its position within body (Lanier et al. 1988 ). In D. mexicanus, these processes are nearly equal in length (see (36) were photographed in lateral view using a Nikon Coolpix 5000 (Nikon, Tokyo, Japan) camera on a phase contrast microscope (400ϫ). All images, including those of Lanier et al. (1988) , were identically oriented with the ventral projection of seminal rod pointing up and the dorsal projection (lobe) on the right-hand side (Fig. 1) .
Seminal rod shape was deÞned with a set of twodimensional coordinates (landmarks) by using tps-DIG 1.40 software (Rohlf 2004) . Eight landmarks were established: one type 1 (structures or points deÞned locally), three type 2 (points located at local minima and maxima of curvature), and four type 3 (points distant from the type I landmark; Zelditch et al. 2004 ; Fig. 1 ). To remove the nonshape variation (differJuly 2014 ARMENDÁ RIZ-TOLEDANO ET AL.: DISTRIBUTION OF Dendroctonus viteiences owing to location, scale, and orientation) from the landmark conÞgurations, a generalized Procrustes analysis was used Slice 1990, Rohlf 1999) as implemented in the CoordGen6 program of IMP (Sheets 2003) . To observe the deformations in the geometric conÞguration of each seminal rod, thinplate spline deformation grids were obtained in PAST 1.95 (Hammer et al. 2001) . The shape variation within and among species was analyzed with a relative warps analysis (RWA ϭ PCA, principal component analyses) in PCAGen 6 (Sheets 2003) . The signiÞcant differences in the seminal rod shape among the groups showed by RWA were analyzed based on the Þrst Þve relative warps, through multivariate analysis of vari- ance (MANOVA) and post hoc pairwise HotellingÕs T comparisons.
To evaluate the discriminatory power of the seminal rod in the separation of these groups, a series of discriminant analyses were carried out using coordinates produced by Procrustes in PAST 1.95 (Hammer et al. 2001) . The power of the resulting discriminant functions to identify species was established as the percentage of individuals correctly classiÞed by the function.
Results
Geometric Morphometrics. The superimposition of 169 seminal rod conÞgurations of D. frontalis, D. mexicanus, D. vitei, and Dendroctonus sp. nov. indicated that the shape variation was concentrated in the seminal rod spine and lobe.
The Þrst three relative warps accounted for 84.3% of shape variation in the seminal rod (RW1, 59.2; RW2, 13.72; and RW3, 11.41%). The Þrst relative warp corresponded to the degree of the evagination of the posterior margin of the dorsal process (lobe). D. frontalis and Dendroctonus sp. nov. presented a lobe that was margin convex or approximately straight, while D. mexicanus and D. vitei had a concave lobe. The second relative warp showed the differences in the ratio of ventral process length to lobe length, the degree of ventral process inclination, and the degree of lobe concavity. In D. vitei, the ventral process was larger than the lobe and projected toward the lobe, and the lobe was slightly concave. D. mexicanus possessed a ventral process almost as long as the lobe and inclined toward the opposite side of the lobe and the posterior margin of the lobe was more concave than in D. vitei (Fig. 2) .
The scatter plot between RW1 and RW2 showed four discrete clusters corresponding to each species. In RW1, the specimens of D. frontalis and Dendroctonus sp. nov. were separated from D. mexicanus and D. vitei specimens. In RW2, specimens of D. mexicanus and D. vitei were separated between from one another (Fig. 2) . The seminal rods of D. mexicanus from Nuevo Leon and D. vitei from Guatemala and Nuevo Leon (displayed by Lanier et al.1988 ) clustered with their corresponding species groups (Fig. 2) .
SigniÞcant differences were found in seminal rod shape among species groups (MANOVA, Wilks ϭ 0.005; F 15, 400 ϭ 145; P Յ 0.001). Pairwise HotellingÕs T tests supported these differences in shape: D. vitei The discriminant function correctly classiÞed 100% of the specimens in all run comparisons. Distribution histograms of the discriminant scores of each species did not show overlap in any comparison performed. The seminal rods of D. mexicanus from Nuevo Leon and D. vitei from Guatemala and Nuevo Leon (Lanier et al.1988) were also correctly classiÞed in their corresponding groups (Fig. 3) .
Geographic Distribution. Based on the shape of the seminal rod, D. vitei was found in locations where they were previously collected: Patzun in Guatemala and Chiapas, Veracruz, and Nuevo Leon in Mexico (Lanier et al. 1988, Wood and Bright 1992) . D. vitei was also found in seven new locations. Interestingly, all the specimens of the new locations had previously been stored and recorded as D. mexicanus (samples labels said D. mexicanus). Therefore, the current D. vitei distribution range is (Fig. 4) : GUATEMALA, Chimaltenango, Patzun, 14Њ 39Ј, 90Њ 58Ј in Pinus teocote Schiede ex Schlectendal & Chamisso (LVBE, 4) ; MEXICO, Chiapas, LA Albarrada, San Cristobal de las Casas, El Aguaje, 16Њ47Ј04Љ, 92Њ 34Ј53Љ, (ECOSUR, 2; LVBE, 1); GUATEMALA, Sierra de las Minas Biosphere reserve, 15Њ 06Ј05Љ, 89Њ 37Ј20Љ, in Pinus oocarpa Schiede ex Schlechtendal (LVBE, 3); Solola, Finca Socorro, 14Њ 45Ј10Љ 91Њ 08Ј20Љ, 1,880 m, in Pinus pseudostrobus Lindley, (LVBE, 3); Solola, Finca Chuchiya, 14Њ 44Ј00Љ, 91Њ 07Ј50Љ, 2,080 m in P. oocarpa (ECOSUR, 1); Solola, Colonia Maria Tecun, 14Њ 48Ј50Љ, 91Њ 12Ј20Љ, 2,350 m, in P. pseudostrobus (ECOSUR, 2); MEXICO, Chiapas, LA Trinitaria, Parque Nacional Lagunas de Montebello, 16Њ 08Ј42Љ, 91Њ 43Ј29Љ, in P. oocarpa (ECOSUR, 3);Veracruz, 20 km Norte de Perote, 19Њ 31Ј, 97Њ 8Ј, in P. teocote (UACH, 8) ; Tamaulipas, Cd. Victoria, Ejido Aquiles Serdan (TAM, NEW STATE RECORD), 23Њ 50Ј, 99Њ 39Ј, in P. pseudostrobus (CONAFOR, 2); Tamaulipas, Tula, Ejido 16 de Septiembre (TTS, NEW STATE RECORD), 22Њ 59Љ, 99Њ43Љ in P. pseudostrobus (UACH, 5); Nuevo Leon, Chipinque, 10 km south of Monterrey (NL), 25Њ 36Ј32Љ, 100Њ 21Ј20Љ in P. teocote. The record from Nuevo Leon was supported by the seminal rod mounted by J. P. Hendrichs (Number 622, 9 ÐVIÐ 86), which is deposited in LVBE.
Discussion
Geometric Morphometrics. Quantitative multivariate differences were found among the seminal rod morphology of D. frontalis, D. mexicanus, D. vitei, and Dendroctonus sp. nov. The lack of overlap of the distributions of seminal rod shape in the PCA plot (Fig.  2) and the nonoverlapping histograms of discriminant Lanier et al. (1988) . Guatemala type locality (Gua), Nuevo Leon (NL). The mean shape conÞgurations to each species are shown above the histograms. function scores (Fig. 3) indicate that this structure is a robust character to identify these four species.
Differences in seminal rod shape between D. vitei and D. mexicanus were consistent, even after we included individuals from different geographic populations in our analysis. However, we found that the ratio of the dorsal and ventral processes used by Lanier et al. (1988) does not allow reliable discrimination between D. mexicanus and D. vitei because this ratio overlaps in these species (D. mexicanus ϭ 0.75Ð3.0 vs. D. vitei ϭ 1.45Ð 6.5). In fact, in a blind test, two persons with a certain degree of training in handling seminal rods of these two species had between 25 and 30% error in the identiÞcation of them. Likewise, the body color and pronotum width are not completely reliable characteristics because some populations of D. mexicanus can also be virtually as black as D. vitei, and the pronotum width overlaps among D. frontalis complex species.
Our results conÞrm that the seminal rod shape is a quantitative characteristic that has unique taxonomic value because there is a broad overlap in external morphology among D. frontalis complex species. Regrettably, the information derived from biological (gallery build) and ecological data (elevation and hosts) or external morphological characteristics have proven to be unreliable or impractical for separating species belonging to the group. We suggest that all identiÞcation of D. frontalis complex species should be performed using seminal rod shape. In the case of D. vitei and D. mexicanus, a strategy sure to identify these species is combining the curvature of the dorsal and ventral processes and the degree of inclination of the ventral process, together with the ratio between the length of ventral and dorsal processes ("ventral plate"). However, because the seminal rod is a characteristic of males, it is necessary to examine other distinctive morphological characteristics that allow recognition of both sexes. In addition, we recommended that specimens in insect collections identiÞed only with external morphological or biological characteristics should be reevaluated with seminal rod morphometrics. Geographic Distribution. Since the study by Lanier et al. (1988) , new specimens and localities have not been recorded for D. vitei. Our study conÞrms the presence of this taxon in the type locality, Patzun, Guatemala, and provides new records in this country (Fig. 4) .
The results also conÞrm its presence in San Cristobal de las Casas, Chiapas and Perote, Veracruz, Mexico (Atkinson and Equihua-Martṍnez 1985, Lanier et al. 1988) , and establish new records from Lagunas de Montebello, Chiapas; Ciudad Victoria and Tula, Tamaulipas, Mexico. Unfortunately, we could not corroborate the presence of the species in Oaxaca State, so that record requires conÞrmation. These collections extend the known distribution of D. vitei to 1,329 km northwest from the type location.
Our results indicates that the distribution of D. vitei is substantially wider than previously reported, running through the Sierra Madre Oriental of Mexico and the east Trans-Mexican volcanic belt and the Sierra Madre de Chiapas (most likely also Sierra Madre del Sur) to the Cordillera Central of Guatemala. In addition, we recorded D. vitei colonizing at least Þve host species from section Trifoliae (Hernández-Leó n et al. 2013): Pinus maximinoi H. E. Moore, Pinus montezumae Lamb, P. oocarpa, P. pseudostrobus, Pinus tenuifolia Benth (ϭP. maximinoi), and P. teocote, three of them previously reported (Wood 1982 , Lanier et al. 1988 , Wood and Bright 1992 .
The wide distribution of D. vitei and its coexistence with D. mexicanus and D. frontalis in Mexico, and probably in Guatemala, alter our conception of this species. It leads us to question whether this species really can be a pest, what type of damage can it produce, and what is its ecological role in sites where it occurs alone or coexisting with other species of the genus? In addition, these results allowed us to research basic aspects of their biology, the levels of coexistence with its sibling species of the complex, the way it interacts with them, and its preference of host or elevation. All this information allows us to know the real potential of this species as a pest and develop monitoring methods appropriate for it.
